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OBSERVATIONS ON THE DEVELOPMENTAL BIOLOGY
OF CICINDELA ARENICOLA RUMPP (COLEOPTERA: CICINDELIDAE)
Karen Lyn Bauerl
ABsTRACT.-Cicindela arenicola Rumpp is being considered for threatened and endangered status by the U.S. Fish
and Wildlife Service. Little is known about the developmental biology of this species.
Adults of C. arenicola were active from April through late June and late August through early November, but
generally they were not on the surface when temperatures were below 19 C or above 45 C, or when conditions were
windy, cloudy, or rainy. Mating and egg-laying occurred only dming the spring.
Five size classes (1-,2-,3-,4-, and 5-mm diameters) oflarval burrow openings were observed. Burrows of5 mm had
a mean depth of 42.23 ± 8.81 cm (1 S.D.). Larvae of C. arenicola were active from April through June and late
September through mid-November.
Developmental times and larval size were affected by food supplementation. Nearly all food-supplemented, I-mm,
first instars molted to larger second instars of3-mm diameter. Most nonsupplemented larvae spent several months as
2-mm second instars before growing to 3 mm in diameter. Food-supplemented larvae reached the third instar in
approximately 13 months, while nonsupplemented larvae took slightly over two years to reach this stage. Development
from egg to adult was estimated at two years for food-supplemented larvae and three and one-half to four years for
nonsupplemented larvae.
Cattle had a significant effect on larval mortality. Ahigh percentage (76-80%) oflarval C. arenicola that were stepped
on by cattle never reopened their burrows. Only 14% of undisturbed larvae never reopened their burrows. Approximately 15% of 150 larvae marked in 1988 reopened burrows in 1989.
Key words: tiger beetle, life cycle, food supplementation, mortality factors.

Eighty-five species of tiger beetles of the
genus Cicindela exist in the United States
(Boyd 1982). The adults of these species are
more readily studied than are the larvae; thus,
the majority of larvae are poorly known biologically.
One to several years are required for cicindelids to develop from egg through three larval instars to adult. Partial or complete life
cycles have been worked out for only a few of
the world's nearly 2000 described Cicindelidae (Willis 1967, Arnett 1963).
Most adult tiger beetles are diurnal predators that visually search for small arthropods
and other prey on the surface in open,
sparsely vegetated habitats. Sedentary tiger
beetle larvae, which construct vertical burrows in the substrate, position themselves at
the burrow entrance and wait for prey to pass
within striking distance.
Cicindela arenicola Rumpp (1967), a sanddwelling species, is being considered by the
U.S. Fish and Wildlife Service for rare and

endangered status. Little is known about
its developmental biology. This species has
been found in Idaho on the St. Anthony Sand
Dunes, the Bruneau Sand Dunes, a series
of sand dunes in Power County, and a few
other small dunes along the Snake River
Plain. The St. Anthony Sand Dune adult population is the largest (fewer than one million
individuals), and the population in Power
County is the second largest in the state (An~
derson 1989). C. arenicola is the only species
inhabiting the dunes in Power County.
Tiger beetle populations can be influenced
by such weather conditions as temperature,
moisture, wind, and cloud cover (Shelford
1908, Willis 1967, Knisley 1987, Mury Meyer
1987, Pearson and Lederhouse 1987). Availability oHood is a major factor limiting tiger
beetle development (Shelford 1908, Willis
1967, Palmer 1978, Palmer and Gorrick 1979,
Knisley and Pearson 1984, Pearson and Knisley 1985, Knisley and Juliano 1988).
The objectives of this study were to: (1)
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determine when the adults and larvae are
active, (2) describe the developmental biology
oflarvae and the length of the life cycle under
a supplemental food regimen and under natu~
ral conditions (no food supplementation), and
(3) determine hazards and mortality factors
for the populations.
MATERIALS AND METHODS

This study was conducted from May to
November 1988 and April to September 1989
in the Wapi area approximately 17 miles west
ofAmerican Falls, Power County, Idaho. The
study site (approximately 150 m X 50 m) consists of a series of wet sand dunes surrounded
by sagebrush. The sand is fine and"buff colored.
This region of Idaho is classified as a cold
desert with yearly precipitation averaging
10.42 inches. Droughts occurred in 1988 and
1989. Total precipitation during April through
October for 1988 and 1989 was 2.53 inches
and 4.34 inches, respectively, and was 4070% of the average expected precipitation for
these months (Climatological Data for Idaho
1988-1989). Average maximum ambient daytime temperatures ranged from 10-15 C in
April to 30-38 C in July and August. Temperatures on the surface of the dunes at midday ranged from 19 to 60 C during the study
period.
Vegetation on the dunes was sparse, prominent species being Elymus flavescens Scribn.
and Smith (yellow wild lye), Chrysothamnus
viscidifloms (Hook.) Nutt. (gray rabbitbrush),
Chrysothamnus nauseosus (Pall.) Britt. (green
rabbitbrush), Rumex venosus Pursh (wild begonia), Abronia mellifera DOllgl. (white sand
verbena), Oenothera pallida Lindl. (pale evening primrose), and Psoralea lanceolata Pursh
Oance-Ieaf scurf-pea). Monthly visual estimates of percentage of cover on portions of
the dunes supporting larval and adult
beetles were April, 4-6%; May, 7-9%; June,
15-17%; July, 15-20%; August, 11-15%;
September, 9-15%; and October, 6-10%.
On 23 May 1988, 100 burrows of larval C.
arenicola were marked by placing two surveyor's flags 8 in. apart with the larval burrow
centered between them. A labeled wooden
nursery tag was placed 2 in. from the burrow between the flags. Some burrows were
located within a few centimeters of yellow
wild rye culms, but usually they were not
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as close to other vegetation. Most larval bur~
rows were located on the flattened, bowlshaped portions of the dunes. Bunows of all
d~ameters (1, 2, 3, 4, and 5 mm) were monitored throughout the study. The larvae in
these bunows were not given supplemental
food. Clear plastic, 14-ounce cups were
placed over 33 larger burrows (4- and 5-mm
diameter) in mid-August 1988 to capture any
adult beetles as they emerged.
On 4 June 1988, 50 larval burrows, 1 mm in
diameter, were marked in the same manner
described above. These larvae were given
supplemental food, provided as first or second
instar larvae ofTenebrio molitor L. on the day
of initial marking and every time their burrows were open (but never more often than
twice each week). The Tenebrio larvae provided in this manner represented minimum
dietary intake, as the C. arenicola larvae may
have acquired additional prey on their own
during the study period.
Twice each week during the two seasons
(beginning in May 1988 and April 1989) the
burrow diameters of the food-supplemented
and nonsupplemented groups were measured
using a draftsman's circle template. Visits to
the sand dunes were made at 7- to 10-day
intervals during the hot, dry periods from July
through mid-August 1988.
In the 1989 season (April through July),
diameters of unmarked larval burrows were
measured approximately twice each week
during a 30-minute traversing of the study
site. Surface temperature, cloud cover, presence or absence of wind, and rainfall, if any,
were noted. A visual census of the number of
adult beetles present on the surface of the
study site was taken.
Twelve 5~mm~diameter larval burrows
were randomly chosen for depth measurements. Thin plaster was poured down each
burrow and allowed to harden. The next day
these burrows were excavated carefully and
measured for depth.
The Bureau of Land Management has jurisdiction over the open rangeland where this
study was conducted. Grazing is allowed, and
it is not uncommon for cattle to roam the
dunes in search of food when the available
resources in the sagebrush areas dwindle.
This usually occurs before the end of May. If a
marked larval bunowwas disturbed by cattle,
it was noted.
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Fig.!. Number ofadult C. arenicola observed on study site, 2 August-5 November 1988 and 15 April-30 July 1989.
Values were obtained by traversing the study site for 30 minutes twice weekly. Surface temperatures (OC) were taken at
midday.

RESULTS
ADULT ACTIVITY.-Adult C. arenicola were
active in the spring and fall on sunny, warm
(19-45 C) days and also after a rain shower
when the surface was moist. They burrowed
beneath the sand during windy, cloudy, or
cool (surface temperature below 19 C) conditions, or any combination of these. Adults
were also inactive when surface temperature
was above 45 C, unless clouds reduced radiant
heat from the sun (Fig. 1).
Adult beetles generally appeared on the
surface during the first or second week of
April when they fed, mated, and laid eggs on
warm, sunny days after the snow had melted.
Few, if any, adults remained by the fitst week
ofJuly, and usually none were seen in July and
August (Fig. 1). Beginning in late August or
early September, fall adults emerged, with
peak emergence near the end of September.
Adults fed but were not observed to mate
during the fall. Numbers ofadults on the surface gradually diminished through October,
and none were present by early November

(Fig. 1). They had burrowed beneath the sand
where they hibernated.
LARVAL ACTIVITY.-Five size classes (diameters) oflarval burrows were observed: 1, 2, 3,
4, and 5 mm. The 5-mm burrows had a mean
depth of 42. 23 ± 8.81cm (1 S.D.). Thenumber of active larval burrows increased during
April, peaked in May, and then declined
through June for all size classes except the
2-mm size class, which showed its highest
numbers during June (Fig. 2). Burrows were
rarely open from July through mid-September. During late September through October
some burrows were open, but fewer than in
the spring.
A chi-square test of association (Zar 1984)
was performed on the data for unmarked larval burrows, which were censused randomly
in 1989. The data forl5 April, 13 May, and 14
June were used. The null hypothesis (i. e., the
number of each size diameter of open larval
burrows of C. arenicola is independent of
the month in which they are measured) was
rejected. A X 2 value of 146.1 was calculated
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Results offood supplementation offifty I-mm C. arenicola larvae monitored during June-November 1988.
Number of times fed

Larval growth
No change
Increased one size class
Increased two size classes
Never reopened
TOTAL
-0
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2(8%)
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25
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0
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Fig. 2. Relative numbers oflarval burrows ofC. arenicola for five size classes existing at the study site,
April-June 1989. Values were obtained by traversing the
study site for 30 minutes twice weekly.

and compared to a table value ofl5.507 at IX =
.05 and 8°f.
OUTCOMES OF LARVAE.-Table 1 summarizes the results of food-supplemented larvae
of C. arenicola during 1988. Each larva was
categorized according to the number of times
it accepted supplemental food and the amount
of growth (increase in size class) observed.
Eighty-four percent of 1-mm-diameter larvae
that had one food supplement never reopened
their burrows in 1988 (Table 1). Some larvae
that had one to three food supplements
showed no change in size class, but all larvae
that received four or more food supplements
increased one or two size classes (Table 1).
Only three of the food-supplemented larvae
showed activity in 1989. Of these three, two
that received one or two supplemental feedings showed no increase in size, and one larva
that received three supplemental feedings increased from the 3-mm to the 4-mm size class.
Tables 2 and 3 summarize the results of
nonsupplemented larvae of C. arenicola.
Each larva was categorized according to its
size class and the amount of growth (increase
in size class) observed. Larvae ofl-mm diameter showed no change or did not reopen their

5
0
0
1 (100%)
0
1

9
0
0
1 (100%)
0
1

burrows after initial marking (Table 2). No
1-mm larvae reappeared in 1989 (Table 3).
During 1988, 23 of 100 nonsupplemented larvae never reopened their burrows, 33 showed
no change in size class, 26 increased one size
class, 7 increased two size classes, and 1
emerged as an adult. Also during 1988, 4 nonsupplemented larvae increased three to five
size classes, and 6 showed a decrease in size
class (Table 2). Occasionally, a few larval burrows had irregularly shaped entrances measuring 6-7 mm. Some returned to their former size in a few days. During 1989, 18 of the
100 nonsupplemented larvae marked in 1988
were active (burrows open); 2 of these larvae
opened their burrows one time only, 7
showed no change in size class, 8 increased
one size class, and 1 increased two size classes
(Table 3).
PROPOSED LIFE CYCLEs.-Life cycles of
C. arenicola were constructed for the foodsupplemented and nonsupplemented larvae
(Fig. 3). The proposed life cycle of two years
for food-supplemented larvae approximates
the minimum time required for development,
while the life cycle of three and one-half to
four years for nonsupplemented larvae approximates the maximum time required for
development from egg to adult.
CATILE ACTIVITY.-Contingency tables (Tables 4 and 5) were prepared regarding the
disturbance by cattle of burrows belonging to
food-supplemented and nonsupplemented
larvae ofC. arenicola and the reopening ofthe
larval burrows after disturbance. Chi-square
tests of association employing Yate's correc·
tion (Zar 1984) were performed to test the null
hypotheses (i. e., there is no significant association between the reopening of burrows belonging to food-supplemented [or nonsupplemented] larvae ofC. arenicola and whether or
not the burrows had been disturbed by cattle
previously). The null hypotheses were rejected in both cases, indicating that disturbance by cattle had a significant effect on the
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TABLE 2. Results of each size class of 100 nonsupplemented larvae of C. arenicola monitored during MayNovember 1988.
Size class oflarval burrows
Larval growth
No change
Increased one size class
Increased two size classes
Increased three to five size classes
Never reopened
Decreased in size class
Adult emerged
TOTAL

Imm
1 (33%)
0
0
0
2 (67%)
0
0
3

2mm
8 (23%)
11 (31%)
5(14%)
3 (9%)
8(23%)
0
0
35

TABLE 3. Results of surviving, nonsupplemented larvae of C. arenicola from 1988 monitored during AprilSeptember 1989.
Size class oflarval burrows
Larval growth
No change
Increased one
size class
Increased two
size classes
Never reopened
TOTAL

2mm
0
0

3mm
4mm
5mm
1 (50%) 5 (38%) 1 (50%)
8 (62%) 0

0

1 (100%) 0
0
1 (50%) 0
0
1
2
13

0
1 (50%)
2

3mm
4 (14%)
10 (34%)
1 (3.5%)
1(3.5%)
9 (31%)
4 (14%)
0
29

4mm
20 (63%)
5 (16%)
1 (3%)
0
3 (9%)
2(6%)
1 (3%)
32

5mm
0
0
0
0
1 (100%)
0
0
1

TABLE 5. Summary of the reappearance of burrows of
nonsupplemented larvae of C. arenicola related to cattle
disturbance."
Nonsupplemented larvae
(all size classes)
Disturbed
Never
reopened
35
Reopened
9
TOTALS
44
"x2 ~ 42.81, ex ~ .05, 1 d.f.

Undisturbed

Totals

8

43
57
100

48
56

DISCUSSION AND CONCLUSIONS
TABLE 4. Summary of the reappearance of burrows of
food-supplemented larvae of C. arenicola related to cattle
disturbance."
Supplemented larvae (1 mm)
Disturbed
Never
reopened
22
Reopened
7
TOTALS
29
"x2 = 18.56, ex = .05, 1 d.f.

Undisturbed

Totals

3

25
25
50

18
21

reopening oflarval burrows. Seventy~sixpercent of food-supplemented larvae and 80% of
nonsupplemented larvae disturbed by cattle
never reopened their burrows. Fourteen percent oflarvae that were undisturbed by cattle
never reopened their burrows independent of
whether larvae were food~supplemented or
nonsupplemented (Tables 4 and 5).
It should be noted that two of the seven
food~supplemented larvae. that reopened
their burrows after being disturbed did not
reopen their burrows after one more disturbance by cattle.

ADULT ACTIVITY.-Cicindela arenicola follows seasonality patterns similar to those described for C. repanda Dej., C. formosa Say,
and C. scutellaris Say (Knisley 1979). Typi~
cally, adults that emerged during the previous
fall and spent the winter hibernating appear
on the surface in April and are joined in the
next several weeks by spring adults, which
emerge for the first time. The spring and fall
adults mature sexually, mate, and lay eggs
that hatch in two to three weeks. Most of the
adults die by early July. Pupae that develop
during late summer produce the fall adults,
and these emerge in late August and are active
during September and October until they dig
burrows for hibernation (Fig. 1).
The early spring peak in adults for April
1989 (Fig. 1) may represent fall adults from
1988 that had emerged from hibernation. The
second peak in late May probably indicates
the time of emergence of spring adults from
overwintered pupae. However, Shelford
(1908) reports that populations of older individuals of C. hirticollis Say gradually died off
as the new individuals emerged, so tllat the
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48.9 C, a minimum thoracic temperature of
14.4-2L2 C, and optimum foraging temperatures of30.2-37.2 C. Observations of surface
activity recorded for adult C. arenicola corresponded with their results, considering that
C. arenicola may be active at cooler surface
temperatures on sunny days and at higher
surface temperatures on partly cloudy days.
Cicindela arenicola was never observed to
mate dUling the fall. Shelford (1908) reported
that no female C. hirticollis contained eggs in
the fall and that they were never seen copulating. Furthermore, hibernating species do not
reach sexual maturity in autumn. Theoretically, larvae hatched from eggs laid in the fall
would not be able to obtain enough food to
store energy necessary to survive winter con"
ditions. Adult tiger beetles typically reach
sexual maturity in the spring and copulate on
warm, sunny days.
LARVAL ACTIVITY: SIZE CLASSEs.-All tiger
beetles of the genus Cicindela that have been
studied exhibit three instars, the same being
presumed for C. arenicola (Rumpp 1967).
Burrow diameter is an indication of instar be~
cause the diameter is nearly the same size
as the prothorax and head width of the
Fig. 3. Proposed life cycles for food-supplemented and
larva
(Willis 1967, Knisley and Pearson 1984,
nonsupplemented larvae of C. arenicola. (A = adult, 0 =
oviposition, lL = first instar, 2L = second instar, 3L = Knisley 1987). Exact instar can be distinthird instar, P = pupa, ---- = hibernation, __ = active guished if the species is known.
larvae.) Numbers in parentheses after instars indjcate
Tiger beetle larvae enlarge their burrows
diameters (mm) oflarval burrows.
with each molt. Shelford (1908) reported that
newly molted second instar larvae of Cicinpresence of the younger beetles cannot be dela possessed abdomens similar in size to late
detected by population increase. This sug~ first instar larvae. Newly molted larvae have
gests that the major peak observed in May wrinkled abdominal cuticula; thus, room for
1989 represents a majority of spring adults growth is allowed. Palmer (1978) proposed
and fewer fall adults, many of which had that larvae may not molt until a certain
mated, laid eggs, and begun to die.
threshold body weight is reached. Although
The data in Figure 1 show that the majority the results were inconclusive, Palmer and
offall adult C. arenicola emerged during Sep" Gorrick (1979) suggested that some larvae
tember. Minor peaks and sharp declines in may molt at higher body weights and others at
the numbers of adult tiger beetles were prob- lower body weights in relation to the abunably the result of adverse weather conditions. dance and/or regularity of food. Molting is
Tiger beetles dug temporary burrows in indicated by an increase in burrow diameter
response to very cool or very hot surface tem- preceded by a period ofplugging (Willis 1967,
peratures, or cloudy, rainy, or windy condi- Knisley 1987).
Five distinct diameters of larval burrows
tions. Willis (1967) and Pearson and Leder~
house (1987) reported similar effects of were observed for C. arenicola, but this pat~
weather upon Cicindela species. Pearson and tern probably indicates size variation within
Lederhouse (1987), who studied the thermal the three larval instars, not five instars for this
ecology of 13 species of southwestern U.S. species. Usually, periods ofplugging were not
adult tiger beetles, reported a lethal (LTso ) observed between the 2"mm and 3-mm size
maximum thoracic temperature of 47.2- classes or the 4-mm and 5-mm size classes of
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larval burrows. Plugging, followed by increases in burrow diameter, was observed
between the I-mm and 2-3-mm size classes,
and the 3-mm and 4-5-mm size classes, indicating that molting probably occurred between these stages. Width of prothorax, by
instar, for 12 species of Cicindela was reported by Shelford (1908). Collectively, the
12 species had pronotal width ranges of
0.7-1. 75 mm (x = 1.21 mm) for first instar
larvae, 1.3-3 mm (x = 1.90 mm) for second
instars, and 1.8-5 mm (x = 3.18 mm) for third
instars. Excluding the 1.8-mm width for third
instars, the pronotal widths were generally
3.5-4.5 mm for most species at the third instar stage. It can be concluded that the I-mm
size class corresponds to the first instar, the
2-mm and3-mm size classes to second instars,
and the 4-mm and 5-mm size classes to third
instars for larval C. arenicola.
BURROW DEPTH.-Burrow depth is related
to a variety of factors such as type of soil,
temperature, proximity to ground water, species, and instar (Shelford 1908, Willi~ 1967,
Knisley 1987). Larvae of sand-dwelling species usually have deeper burrows than species
living in other habitats (Shelford 1908, Knisley 1987). Rumpp (1967) reported burrow
depths of 15 cm for full-grown larvae of
C. arenicola. In this study, 5-mm third instar
larvae of C. arenicola were shown to have a
burrow depth of42.23 ± 8.81 cm. This compares favorably with the burrow depths of
15-20 cm, 30-50 cm, and 60-90 cm reported
by Shelford (1908) for other sand-dwelling
species. Sand becomes very dry several
inches below the surface during the summer
and especially during droughts. Deeper burrows allow larvae to escape desiccation and
retreat to moister areas and cooler temperatures (Knisley 1987). Larvae dig deeper burrows with each successive molt. At this study
site sand temperatures 30 cm or more below
the surface were fairly constant (24-27 C).
NUMBERS OF LARVAL BURROWS.-Many tiger
beetle larvae exhibit unimodal or bimodal
(spring-fall) activity and are usually active
earlier and later in the season than are the
adults (Willis 1967, Knisley 1987, Mury
Meyer 1987). Larval C. arenicola showed bimodal activity. The larval burrows appeared
early in April, probably in response to warmer
temperatures and surface moisture. Numbers
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of larval burrows increased through May,
then declined during June as temperatures
became much warmer, the sand dlied out
near the surface, and food became scarce. No
larval burrows were observed in July because
the larvae plugged their burrows during the
hot, dry conditions. Burrow plugging has
been correlated with periods of drought
(Shelford 1908, Willis 1967, Knisley and Pearson 1984, Knisley 1987). Cicindelid larvae of
spring-fall species may estivate during the
hottest months ofsummer (Shelford 1908) and
then reopen in the autumn when they resume
feeding.
Unlike the other size classes, the 2-mm size
class showed its highest numbers in June
rather than May (Fig. 2). Some ofthese larvae
may have overwintered from the previous
year while others may have molted recently
from the I-mm to the 2-mm size class. Therefore, at least two generations of C. arenicola
may be represented here.
The number ofeach size class ofopen larval
burrows of C. arenicola is dependent upon
the month in which the burrows were censused and measured, as was suggested by a
chi-square test ofassociation. Moisture (snowmelt) would be ample in April, and when
combined with mild temperatures, some larvae would appear at the tops of their burrows.
In May the amount of moisture might be
slightly less, but with wanner temperatures,
many more larvae would surface. By the end
ofJune moisture near the soil surface is diminishing considerably and the temperatures
become hot, resulting in most larvae closing
their burrows, then retreating to the bottom
where they spend the summer months.
OUTCOMES OF LARVAE.-Availability offood
may be the limiting factor controlling tiger
beetle development (Knisley and Juliano
1988). Lack of sufficient food has been reported to increase the developmental time
of larval instars (Shelford 1908, Willis 1967,
Knisley and Pearson 1984, Pearson and Knisley 1985, Knisley and Juliano 1988). Supplemental food decreases developmental time
(Palmer 1978, Palmer and Gorrick, 1979,
Knisley and Pearson 1984, Pearson and Knisley 1985, Knisley and Juliano 1988). In a comparison offood-supplemented and nonsupplemented larvae of C. arenicola, supplemental
food decreased the time required for development, especially from first to second instar.
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The high mortality shown by a majority of
food-supplemented larvae that received only
one feeding may have resulted from lack of
sufficient food and/or desiccation, as first instar burrows are not usually very deep. If
subjected to high temperatures, small larvae
are unable to retreat into their burrows to
much cooler depths as large instars can.
Most larvae that were fed two or three
times did not show an increase in size class,
suggesting that they must have obtained
enough food to survive but not to store the
energy to molt. Larvae fed four or more times
increased one, and usually two, size classes,
implying that they probably had obtained sufficient food to grow and molt to a larger size.
Willis (1967) reported that only one meal of
sufficient size is required for first instar larvae
to molt, and that second and third instars need
several meals to accomplish the same. Evidently, for most surviving I-mm larvae of
C. arenicola, one small Tenebrio larva was not
sufficient to allow molting to occur. However,
if tiger beetle larvae obtained several Tenebrio larvae (in addition to food they captured
independently), nearly all were able to skip
the 2-mm size class and molt to become 3-mm
larvae.
Most nonsupplemented larvae generally
passed through all five size classes and did not
skip sizes as their better-fed counterparts did.
Mortality was substantial for first instars and
somewhat less substantial for the 2- and 3-mm
size classes. Desiccation may have accounted
for some of the mortality seen for first instars,
but lack offood was probably the major cause
for most of the mortality incurred by the 1-,
2-, and 3-mm size classes.
Many larvae did not change size classes
from April through October, indicating that
the larvae were probably not capturing
enough food to grow or molt. This trend was
seen for many 4-mm larvae. The length of
time spent as a third instar larva can range
from several months to a few years (Shelford
1908, Willis 1967); therefore, it may not have
been unusual for 4-mm (third instar) larvae of
C. arenicola to remain the same size throughout an entire year.
Nonsupplemented larvae that increased in
size usually graduated one size class. Fewer
larvae increased two size classes at a time.
Most of these larvae probably captured suffi-
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cient food to grow' and molt, while a few of
them captured enough food to skip a size class
and molt at a larger size.
Occasionally, larvae showed increases of
three to five size classes. This could have been
the result oferosion ofthe bun'ow entrance or
predators in search offood. Peculiar digging,
perhaps that of small rodents, was observed
where larval C. arenicola were located. Those
larval burrows showing decreases in size
could have been partially plugged when they
were measured, or the original larvae might
have died and new larvae hatched from eggs
laid there coincidentally.
Some 4-mm larvae emerged as adults and
were captured under plastic cups placed over
their closed burrows in late August. Many of
the 4-mm larvae that never reopened their
burrows may have emerged as adults but were
not caught. Most tiger beetles dig side chambers where they pupate, and the adults do not
necessarily emerge along the old larval burrow (Willis 1967). The diameter ofplastic cups
placed over the larger burrows may not have
been sufficient to capture all emerging adults.
PROPOSED LIFE CYCLEs.-Rumpp (1967)
predicted that the life cycle of C. arenicola
might be similar to the two-year cycle developed by Shelford (1908) for C. hirticollis, a
sand-dwelling species with a similar seasonality pattern. Knisley (1987) reported a two- to
three-year life cycle for a population of Cicindela marutha Dow existing on one sand ridge
and a three- to four-year life cycle for this
same species on another sand ridge. His observations suggest that variability in the
length of the life cycle is possible within a
species.
Two years appears to be near the minimum
developmental time required for food-supplemented C. arenicola. Food-supplemented
larvae probably could not have been supplemented with food much more often than they
were during the experimental period because
the larvae plugged their burrows during hot,
dry conditions. Nonsupplemented C. arenicola may take three and one-half to four years
to develop from egg to adult, depending upon
the abundance of food on the sand dunes.
Under natural conditions, a life cycle of at
least three years probably would be observed
because food tends to be scarce in sand dune
habitats.
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The life cycle of C. arenicola may be vari~
able and overlapping for several generations
(i. e., second instar larvae may have reached
this stage in anyone of three years, making
it impossible to tell which year the egg was
laid that developed into a p::lrticular 2-mm or
3-mm larva). Abundance curves have been
used as an indicator of the length of the life
cycle for other cicindelid species (Knisley
et al. 1987). Caution must be exercised in
situations involving overlapping generations
to reduce the possibility that more than one
generation unknowingly is being monitored
simultaneously. One way to do this would be
to mark and monitor only first instar larvae
through their full development.
CATTLE ACTIVITY.-Willis (1967) reported
that cicindelids are usually absent from areas
where frequent or prolonged disturbance by
man or cattle occurs, although larvae are able
to tolerate some amount of disturbance such
as cattle walking.
Knisley et al. (1987) attributed increased
vehicular traffic as a cause of a dramatic decline in populations ofC. d. dorsalis subjected
to such disturbances. Beetles were present
where human activity was low and vehicles
were restricted, but no beetles were present
where off~road-vehicletraffic was heavy.
When cattle disturbed (stepped upon) larval burrows of C. arenicola once, most of the
burrows never reopened. Size class and feeding status made no difference. Further disturbance caused most larvae to disappear. In
contrast, Significantly fewer larvae that were
never disturbed by cattle never reopened
their burrows. Again, size class and feeding
status made nO difference.
Because C. arenicola has a relatively long
life cycle, the chance of disturbance is high in
the presence of cattle. Many larvae, limited
by availability of food, spend time at the tops
of their burrows in order to catch prey. If
disturbed at this time, the larvae are most
certainly in danger of being crushed, especially because cattle sink several inches into
the sand when tlley walk on it. Cattle were
present on the dunes from the third week of
May through the middle or end ofSeptember,
when the BLM required them to be removed.
The feeding periods of larval C. arenicola coincided with cattle activity on the dunes.
Suitable habitat may be reduced by frequent disturbance, and when natural mortal-

ity factors are considered, populations could
be reduced to the point of extinction (Knisley
et al. 1987). However, because C. arenicola
lives in ever-changing sand dune habitats, disturbance of the surface may be important in
preventing overgrowth of plants or invasion
by others. Ironically, cattle impact, which appears to be so damaging to individual larval
C. arenicola, may be providing suitable habitat for these beetles as a species.
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